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© N-acetyl glucosamine as a cytoprotective agent. 



© This invention pertains to the novel use of N- 
acetyl glucosamine as a cytoprotective agent for 
restoring integrity and normal function of mucous 
membrane in a human being. 
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N-ACETYL GLUCOSAMINE AS A CYTOPROTECTIVE AGENT 

x 



This invention pertains to the novel use of N- 
acetyl glucosamine in the production of a medica- 
ment effective as a cytoprotective agent for restor- 
ing integrity and normal function of mucous mem- 
brane in a human being. Current medical mucous 
membrane therapy is based largely on the theory 
of suppressing the formation of antibodies to the 
body's own tissues. This includes administering 
corticosteroids and other pharmacological agents, 
all of which inhibit cell division. Their usefulness 
might derive from their slowing of cell proliferation, 
thus reducing demand for substrates present in 
critical supply. They are not completely effective, 
however, and have serious side- effects. More re- 
cently, agents affecting synthesis of prostaglandins 
have been introduced to increase formation of pro- 
tective mucous in gastrointestinal diseases. Two 
patents, as identified and discussed briefly below, 
have potential relevance to this subject matter. 
French Patent No. 2,473,887, July 24/ 1981, dis- 
closes the use of biochemical precursors of 
glucosamino-glycans for the treatment of vascular 
disorders of functional or organic origin in which 
there is insufficient blood flow to the limbs, for 
asphyxic hypoxydotic symptoms, and in cosme- 
tology, for skin defects caused by insufficient cir- 
culation to the skin. The precursors increase the 
elasticity of perivascular tissue, resulting in an in- 
crease in arterio-capillary blood flow, without hav- 
ing a vasodilating action. United States Patent No. 
4,006,224, February 1, 1977. discloses the treat- 
ment of ulcerative colitis or regional enteritis in a 
mammal by administering D-glucosamine. or one 
of its salts. Equal or superior results to the conven- 
tional treatments of the two conditions are ob- 
tained. The dose is 20-300 mg/kg of D- 
glucosamine, HCI daily. In a clinical trial, a patient 
with Crohn's disease that was not affected by 
ACTH or prednisone was given D-glucosamine hy- 
drochloride subcutaneously. The symptoms stop- 
ped after several weeks of treatment. An article 
entitled "Decreased Incorporation of I4 C- 
Glucosamine Relative to 3 H-N-Acetyl Glucosamine 
in the Intestinal Mucosa of Patients with Inflam- 
matory Bowel Disease", A.F. Burton and F.H. An- 
derson, Vol. 78, No. 1, 1983, American Journal of 
Gastroenterology, discloses evidence that the syn- 
thesis of glycoproteins in intestinal mucosa of pa- 
tients afflicted with inflammatory bowel disease is 
deficient in the diseased tissues of such patient. 
The article discusses possible reasons for the defi- 
ciency. However, no suggestions for alleviating the 
deficiency are made. According to this invention 
there is provided use of N-acetyl glucosamine in 
the preparation of a pharmaceutical formulation for 



restoring the integrity of mucous membrane tissues 
in a human or non-human animal! By use of some 
medicaments, N-acetyl glucosamine can be fed to 
the human being on a daily basis. Using this meth- 

5 od, the human being can beneficially be fed from 
300 mg to 10.000 mg of N-acetyl glucosamine per 
day, in particular 1,000 mg to 6,000 mg of N-acetyl 
glucosamine per day. Specifically, the human be- 
ing can be fed about 500 mg of N-acetyl 

70 glucosamine per day. Generally, the N-acetyl 
glucosamine will be incorporated in a pharmaceuti- 
cal^ acceptable carrier. The medicament contain- 
ing N-acetyl glucosamine may be fed to the human 
being only as required to restore the integrity of 

75 mucous membrane tissues. A medicament which is 
useful for promoting integrity and normal function 
of mucous membrane in a human being and com- 
prises N-acetyl glucosamine and a pharmaceuti- 
cally acceptable carrier preferably contains the N- 

20 acetyl glucosamine in an amount of 1,000 mg to 
6,000 mg per dosage unit. For some treatments, 
administration of as little as 500 mg N-acetyi 
glucosamine from single or multiple dosage units 
providing such quantity may be employed. N-ace- 

25 tyl glucosamine, administered in therapeutic dos- 
ages, according to this invention, has been found 
to be useful in restoring the integrity of mucous 
membrane tissues in a human being and in particu- 
lar enhancing the formation of protective structures 

30 against erosion in the gut due to Cronos disease, 
ulcerative colitis and diverticulitis. N-acetyl 
glucosamine (NAG) is an essential precursor in the 
body chemistry of a human being. It provides a 
natural, physiological means of meeting increased 

35 amino acid demand in all mucous membranes re- 
gardless of the nature of any injurious agent which 
may have created the demand. NAG is known to 
be tasteless, is easily absorbed from the gut, is 
utilized efficiently by the human body and does not 

40 have any known undesirable effects. In the past, 
NAG has been given (for reasons not related to the 
subject matter of this invention) to human beings in 
large doses. NAG has no known ill-effects, and it is 
apparently utilized . unchanged for synthesis of 

45 glycoproteins or, if not used, excreted in the urine 
(at high doses). NAG has been reported to have 
slight anti-tumor action and slight cholesterol-lower- 
ing effects, but otherwise it appears to . be a 
"committed metabolite" which is utilized exclusive- 

so ly as a precursor for constituents of glycoproteins, 
glycoasaminoglycans and glycolipids. The amino 
sugar, N-acetyl glucosamine (NAG) is formed in 
human tissues from glucosamine, which in turn is 
formed from glucose. It and several derivatives 
thereof occur in glycoproteins (GP) glycolipids (GL) 
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and glycosaminoglycans (GAG). These macromole- 
cules are found on the surface of cells, in the 
intercellular spaces and in basement membranes. 
They serve to bind the cells together and also act 
as a protective cover for some of them. The sur- 
faces of the cells of the digestive, respiratory and 
genitourinary tracts typically have a coating of a 
glycocalyx, a coat of GP and a secreted mucous 
which is mostly GP. Existing evidence can be 
interpreted as indicating a relative deficiency of 
these structures in certain conditions, especially 
where increased cellular proliferation occurs. This 
is a common feature of many disorders and can 
increase the demand for synthesis of tissue com- 
ponents, for which the supply of amino sugars 
might be inadequate. In inflammatory bowel dis- 
ease (IBD), for example, this phenomenon results 
in weakened mucosa which is more susceptible to 
erosion and ulceration. The inventor has discovered 
that sufferers of Crohn's disease have a reduced 
level of NAG in. their system. The inventor has also 
discovered unexpectedly that an intake of a phar- 
macologically acceptable amount of NAG stimu- 
lates the synthesis of protective substances, im- 
proves tissue integrity and restores tissue function 
in the direction of normal. Administration of NAG in 
therapeutic quantities has been found to be helpful 
in the treatment of Crohn's disease. In IBD, specifi- 
cally, the conversion of glucosamine to NAG has 
been found to be much slower than normal. This 
invention, in one aspect, is directed to overcoming 
IBD to at least a certain extent by supplementing 
the sufferer's (patient's) diet with NAG. It is known 
that NAG is secreted into mother's milk and stimu- 
lates the establishment of lactobacilli in the intes- 
tine of newborn infants who are breast-fed. Such 
flora tends to prevent establishment of less 
favourable bacteria and has certain advantages in 
the digestion of milk and in proper bowel function. 
A similar situation exists in vaginitis, where the 
prevalence of lactobacilli has a similar protective 
effect. However, establishment of this organism has 
not heretofore been successful, probably because 
of the lack of the "growth factor", NAG, which is 
required by this organism to enable synthesis of 
the cell wall.. Consequently, providing NAG as a 
dietary supplement represents a physiological 
means of encouraging the establishment of lac- 
tobacilli in the vagina, with the attendant benefits. 
Prior to conducting the following case studies, it 
has not been possible to predict that the admin- 
istration of NAG to a person afflicted with IBD 
would necessarily benefit from such treatment. 



EXAMPLES 



Case History 1-JF 

Over a period of two or more years, JF developed 

5 a bowel disorder that caused periods of consider- 
able pain and discomfort. In September of 1987, JF 
underwent an operation for an unrelated problem 
and at that time the attendant physician noticed 
that JF had an inflamed bowel. That physician and 

w others that JF consulted offered no particular treat- 
ment apart from a possible operation in the event 
that the condition, which they diagnosed as di- 
verticulitis, became severe, in late September, 
1987, JF began taking a daily dose of N-acetyl 

75 glucosamine in an amount approximating one tea- 
spoonful (2 grams) per day. JF dissolved this in 
fruit juice and sipped the juice at frequent intervals 
over the daytime. JFs intestinal condition improved 
a great deal and she had no further attacks of 

20 diverticulitis. During this time, JF under-went a se- 
ries of X-rays and sigmoidoscope examinations 
which confirmed that JF did indeed have diverticu- 
litis. By the early part of December, 1987, JF was 
feeling so much better that she decided to reduce 

25 the amount of NAG she was consuming daily. JF 
did this gradually until she was down to about 1/4 
of a teaspoon (0.5 grams) per day. In late Decem- 
ber, 1987, JF had a mild recurrence of the intes- 
tinal symptoms that she had experienced previdus- 

30 ly. JF returned to a larger daily dose of NAG, about 
3/4 of a teaspoon (1.5 gm) per day, and the symp- 
toms disappeared. In late January, 1988, JF and 
her husband went on holidays for two weeks during 
which time her consumption of NAG became 

35 somewhat irregular. Shortly before returning home, 
JF had another recurrence of the bowel disorder - 
again a mild one, but the symptoms subsided 
about 48 hours after resuming a steady daily intake 
of NAG. Since then JF has maintained a daily dose 

40 of NAG amounting to about 3/4 of a teaspoon 
which she takes in three portions, morning, noon 
and at night before bed. She has been completely 
symptom-free since then. When JF reduces her 
daily NAG dosage to less than 1/2 teaspoon a day 

45 (about 1.0 gm a day), she finds that adverse intes- 
tinal symptoms recur. Apart from the specific 
symptoms of diverticulitis - bowel spasm, pain, 
low-grade fever, excessive flatulence, difficult bow- 
el movements - which have all subsided, JF has 

so been aware that a gradual change in bowel func- 
tions, which had occurred over a period of two 
years tending towards increased constipation, have 
now been reversed. The conventional dietary rec- 
ommendations for treatment and prevention of 

55 bowel disorders is a high fibre diet. JF had been 
following a high fibre diet for at least two years, 
beginning when she first noticed mild changes in 
bowel function but that diet did not prevent or 
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relieve the symptoms of diverticulitis. Only the in- 
take of abqut 3/4 of a teaspoon of NAG has been 
beneficial for eliminating these symptoms. 

Case History 2 - WWTM 



WWTM was originally operated on in July, 1953 
and had the ascending colon and terminal ileum 
removed. Since 1968 WWTM had been working in 
Ghana, Nigeria and Saudi Arabia and from time to 
time experienced gastrointestinal (GIT) upsets of 
varying degrees and intensity which cleared up 
with medication. At the time, WWTM attributed 
these episodes to dysentery of various forms - not 
at all unusual in the tropics. This may or may not 
have been the case. In February, 1985, WWTM 
experienced an episode of severe abdominal pain. 

/ The physician who attended him at the time could 
find no evidence of a Crohn's flare-up and attrib- 
uted it to dysentery, which most people get from 
time to time, particularly in tropical regions. In 
October, 1985, on the advice of Dr. Alan Burton, 
WWTM started taking about 1/3 of a gram of N- 
acetyl glucosamine daily, dissolved in water, and 
have continued this ever since. WWTM has been 
very happy to say that he has had literally no 
problems since then, with one exception, arid has 
enjoyed excellent health in spite of residing now in 
what be describes as one of the worst pestholes in 
the world. WWTM's biochemical parameters are all 
normal. Serum vitamin B12 was estimated recently, 
and that is also still normal. WWTM does not suffer 
from diarrhoea at all except when he eats the most 
potent Pakistani food, and that is short-lived. In 
fact. WWTM can honestly say that for the past 
three years, his health has been better than for 

\ many years previously. The one episode men- 
tioned was in February, 1985 when WWTM did 
have a severe GIT attack which lasted for two days 
when he felt as though he had swallowed a pneu- 
matic drill and could not eat or drink anything. 
WWTM continues to take about 1/3 gm of N-acetyl 
glucosamine daily, and can eat any kind of food 
and drink any kind of beverage. His weight is 
average for his height and build and remains rea- 
sonably steady. 

Case History 3 - AD 



Diagnosis of Crohn's disease was made on AD in 
April, 1986 and surgery or steroid therapy was 
proposed by the attending internist, SNS. This was 
refused in order instead to test N-acetyl 
glucosamine (NAG) as a means of possibly avoid- 
ing more drastic procedures. Up to 2 grams (one 
teaspoon) per day were taken by AD and the 



symptoms appeared to be relieved after a few 
days. During the next few months, symptoms re- 
curred after about one week if AD's intake of NAG 
was discontinued. After several months, the symp- 
5 toms abated and have been in remission for over a 
year, with the exception of one episode in January. 
1988 when there was a temporary recurrence but it 
responded to an increased intake of NAG. The 
disease remains in remission. 

10 

Case History 4 - SB 

SB has been taking N-acetyl glucosamine on ad- 
vice of my physician CML for about ten years with 

is no untoward effects. SB has been taking n-acetyl 
glucosamine in quantities up to 10 grams per day. 
On average, she takes about a gram (about 1/2 
teaspoon) per day. Recent haemoglobin, white 
blood counts, kidney function, liver function tests, 

20 sodium, potassium and glucose levels in her body 
were all normal. SB's thyroid function is normal as 
is her urinalysis. 

Case History 5 - KC 

25 ' ' "" = " ~ " ~ 

KC has been suffering severe fatigue approaching 
narcolepsy with attendant confusion and memory 
loss. This has been attributed to a severe food 

30 allergy problem. Because of his serious food al- 
lergies, and the attendant mental afflictions, KC has 
been eating a synthetic diet preparation. He has 
also been consuming a new anti-ulcer preparation 
CYTOTEC,(TM) a preparation of prostaglandins 

35 which stimulate mucous secretion. He is intolerant 
of many foods. KC began taking 3 grams per day 
of NAG in early October, 1988 and reported after 
two weeks that he had experienced a dramatic 
beneficial response. After only a few days of com- 

40 mencing his daily intake of NAG (3 grams), he 
experienced clearing of the mental symptoms and 
noticed an ability to tolerate many foods which he 
previously could not tolerate. KC has stopped tak- 
ing CYTOTEC and is now taking only NAG on a 

45' daily basis. KC is completely convinced of the 
therapeutic benefits of a daily intake of NAG. 



Claims 

so 1. Use of N-acetyl glucosamine in the preparation 
of a pharmaceutical formulation for restoring the 
integrity of mucous membrane tissues in a human 
or non-human animal. 2. The use of claim 1 
wherein the N-acetyl glucosamine is incorporated 

55 in a pharmaceutical^ acceptable carrier. 3. The 
use of claim 2, wherein the pharmaceutical for- 
mulation is in dosage unit form, each dosage unit 
containing from 1,000 to 6,000 mg of N-acetyl 
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glucosamine. 4. The use of claim 2, wherein the 
pharmaceutical formulation is in dosage unit form, . 
each dosage unit containing about 500 mg of N- 
acetyi glucosamine per day. 5. The use of any 
preceding claim, wherein the pharmaceutical for- s 
mulation is for treatment of diverticulitis, ulcerative 
colitis or Crohn's disease. 
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